A significant amount of scale is produced during casting of ingots and processing of hot-rolled products. In manufacturing steel, during the various rolling operations, the amount of scale produced is approximately 0.1% of the annual production of the rolling mills. The quality of the thin sheet during rolling is affected by the behavior of the iron oxide layers formed on their surfaces. For this reason, acids and oils are used for the descaling of slabs and billets by means of pressurized water. The calamine, contaminated by these various acids and used oils, is rejected and stored involuntarily on important areas and pollutes soil and groundwater. Micrographic observations as well as X-ray diffraction analysis have shown that calamine consists mainly of iron oxides. Hematite and magnetite become the main components for oxidation times greater than 1 hour. Characterization tests have shown that calamine is dense (ρ = 4.8 g/cm 3 ), its particle size is variable depending on the degree of oxidation (from 0.5 to 10 mm). Simultaneous thermal analysis showed that an increase in mass of the calamine sample with a release of heat. Studies are underway for the physico-chemical characterization of the soils of the storage areas.
Introduction
Until the last decade, the scale, slag, dust and sludge generated by integrated steel plants wascalled waste, but now this term has been replaced with by-product and sometimes product due to intensive re-utilization of these materials. The management of all these substances generated in steel plants has become an important issue due to ever-tightening environmental regulations. Mill scale is one of these materials produced in the processing of steel during continuous casting, reheating and hot rolling operations. Water sprays remove the scale formed during these operations and then mill scale is accumulated as a by-product in all iron and steel companies, either integrated iron and steel companies or mini steel mills and small mill shops. Many researchers have found the structure and the thermal properties of scale formed during manufacturing of carbon steels were realized for a long time [1] . However, the research in this field was always actively studied by numerous specialists, in particular those of the steel industry [2] . DOI In the steel-making manufactory, the flat products are hot-rolled. The quality of the thin sheet steel during the process of rolling is allocated by the formation of the layers of scale on the surface of the sheet steel to the cost all the operation of deformation along the hot rolling mill process. To minimize his growth inside the furnace, we have to respect certain necessary conditions among which the content in smokes which has to be between 1.5 -2.5 %.
In the high-temperature heating of steel in pusher furnaces operating under traditional conditions with excess oxidant (usually ratio n = air/gas (1.1 to 1.3), three layers of oxides are formed on the surface of the steel. The iron content is around 67%, a large part of the scale is under magnetite and hematite, namely the oxygen content in the furnace. A certain amount of magnetite crystals will be present in the wüstite.
The degree of oxidation of the steel depends on the temperature, the chemical composition of the metal and the gas composition [3] . The steel where our scrap is collected is an extra-soft hot rolled low-carbon steel according to the international standard ISO 11949 for packaging called black iron, tinplate.
Materials and methods
The chemical compositions of the mill scale and the hot rolled steel are identified by SIEMENS SRS 3000 FRX analyzer. The composition is represented in Table 1 . Balance  The scanning electron microscopy analyses are carried out on scale scrap collected from the hot rolling mill and on polished surfaces of the same sample using ZEISS EVO-MA 25 scanning electron microscopy. Driven by integrated software where one can acquire micrographic results and chemical analysis by EDS. The cooling system ensures proper functioning of the components to ensure a secondary vacuum, a 99.99% pure nitrogen bottle is connected to the equipment. The principle of scanning electron microscopy is based on electron-matter interaction. The incident electron will interact with the nucleus, the more bound electrons of matter and the electrons of the outer layers [4, 5, 6] .
 AccuPyc II Series 1340 pycnometers are fast, fully automatic pycnometers that provide high-speed, high-precision volume measurements and true density calculations on a wide variety of powders, solids and slurries.  The thermal analysis tests were performed by SDT Q600 V20.9 Build20 equipment. The sample holders used are made of alumina. The tests were carried out in a controlled atmosphere in order to avoid possible contamination of the samples. Among the advantages in operating curves, it gives the results coupled on a single graph for example DSC-TGA.  The quantitative analysis of the constituents of calamine was determined using a rigaku diffractometer equipped with a copper anticathode tube. The diffraction pattern is made in the range 2 theta 10° range at 90° and with a scanning speed of 5 °C/ min. The instrument completes most sample analyses in less than three minutes without sacrificing accuracy. Once the analyses are started with a few keystrokes, the data is collected, the calculations made and the results displayed. Minimal operator attention is required. The micrographs taken by scanning microscopy and for different magnifications show the microstructural appearance of laminated iron oxides in layers that are more or less large according to the phases and their distribution over the layer of scale formed (Figs. 1, 2) . Thus providing a motor element for the iron to spread through the hematite layer. The inner wüstite-iron interface has become corrected initially; then with the rapid advance of some protruding sections, some parts of the wüstite layer were reduced by first and ultimately the wüstite holding of the islands was reduced to complete the reduction process. Porosities were produced when wüstite islands were reduced due to localized volume shrinkage. Higher oxygen concentrations in the underlying areas of the near-edge samples were assumed responsible for their slower reduction rates than those at the center [7, 8] . The pure iron scale is formed by three layers of superimposed oxides, corresponding to increasing levels of oxidation from the metal to the atmosphere, the layer of FeO protoxide against the metal, then the layer of magnetite Fe3O4, then a very thin layer of Fe2O3 hematite on the surface, these phases were confirmed by X-ray diffraction (Fig.3 ). An annealing at T = 700 °C for 1h with a heating rate from 20 °C/min to that of maintenance is made for mill scale. The heating rate adopted is 10 °C/min, which is swept from room temperature to T = 1100 °C. The choice of rise of temperature is based on findings revealed on work carried out in this direction and which proved conclusive technical results [10, 11] .
On the thermal analysis curves, we can observe the appearance of peaks; we have two peaks, one endothermic at T = 340 °C and the other exothermic at T = 570 °C. The endothermic peak represents the transformation of ɤ-Fe2O3 to α-Fe2O3. However, at the exothermic peak at T = 570 °C, a process of beginning of rearrangement of the grains is what is called a primary recrystallization, which takes that the transformation beginning of wüstite to magnetite took place in Fig. 4 . Above T = 1000 °C, the trend of the heat flow curves and that of DSC is not perfectly clear. From a stability point of view, a steady state will be established in Fig.  4 . A slight peak can be seen at T = 570 °C in Fig. 5 . For the sample which has been annealed at T = 580 °C for 2 hours with heating rate from 20 °C/min to the holding temperature followed by oven cooling small size grain of oxides has been confirmed. In figure 5 , the loss of mass takes a linear appearance from T = 600 °C to T = 1100 °C. 
Conclusion
This study allowed us to identify the thermal and microstructural properties of calamine from the hot rolling mill for later exploitation in the industrial field. These oxides are confirmed with X-ray technique which their shape and dispersion were been obviously seen in SEM with different magnificent. DOI 
